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1. 

COARSE-GRANED RECONFIGURABLE 
PROCESSOR AND CODE DECOMPRESSION 

METHOD THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the benefit under U.S. Provisional 
Patent Application No. 61/645,864, filed on May 11, 2013, 
the entire disclosure of which is incorporated herein by ref 
erence for all purposes. 

BACKGROUND 

1. Field 
The following description relates to a coarse-grained 

reconfigurable processor and a code decompression method 
thereof, and more particularly, to a coarse-grained reconfig 
urable processor having an improved code compression rate 
and a code decompression method thereof. 

2. Description of the Related Art 
Code compression of a processor is advantageous in that a 

memory capacity and power consumption may be reduced in 
a processor chip. 
The code compression is roughly divided into a statistical 

scheme and a dictionary scheme. 
The statistical scheme is a scheme of assigning a short 

codeword to a frequently used code. The statistical Scheme is 
advantageous in that a high compression rate is provided for 
a code of which a use frequency is high, but is disadvanta 
geous in that parallel decompression is difficult. 
The dictionary scheme uses an index of a dictionary as a 

codeword after the dictionary storing a plurality of codes 
within a memory of a processor is prepared. The dictionary 
scheme is advantageous in that random access and parallel 
decompression are easy because a length of the codeword 
may be fixed. However, there is a disadvantage in that com 
pression efficiency is low when a size of the dictionary 
increases due to an increasing number of stored codes and a 
complex overflow should be processed to use a code unreg 
istered in the dictionary when a size of the dictionary is 
reduced. 
On the other hand, a coarse-grained reconfigurable proces 

Sor (coarse-grained reconfigurable array (CGRA)) is hard 
ware having an array of a plurality of function units (FUS) 
capable of rapidly processing a large-scale function. 

Because the degradation of performance is serious when 
the coarse-grained reconfigurable processor does not fetch a 
code for every cycle, a code is generally stored in a near 
on-chip memory, that is, a configuration memory. However, 
because the number of FUS is large in the coarse-grained 
reconfigurable processor, a code length necessary to process 
a function is also very long. 

Accordingly, there is a problem in that the on-chip memory 
excessively occupies an area on a coarse-grained reconfig 
urable processor chip and excessively consumes power when 
appropriate code compression is not performed. 

SUMMARY 

In one general aspect, there is provided a coarse-grained 
reconfigurable processor comprising: a configuration 
memory configured to store reconfiguration information 
comprising a header storing a compression mode indicator 
and a compressed code for each of a plurality of units and a 
body storing at least one uncompressed code; a decompressor 
configured to specify a code corresponding to each of the 
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2 
plurality of units among the at least one uncompressed code 
within the body based on the compression mode indicator and 
the compressed code within the header; and a reconfigurator 
comprising a plurality of processing elements (PEs) and con 
figured to reconfigure data paths of the plurality of PEs based 
on the code corresponding to each unit. 

In another general aspect, there is provided a coarse 
grained reconfigurable processor comprising: for each of two 
or more code groups comprising some of a plurality of codes 
comprised in reconfiguration information, a configuration 
memory configured to store reconfiguration information 
comprising a header storing compression mode information 
of the code group and compressed code information for each 
of the plurality of codes within the code group and a body 
storing at least one uncompressed code; a decompressor con 
figured to specify a code corresponding to each of the plural 
ity of units based on the compression mode information and 
the compressed code information for each of the two or more 
code groups; and a reconfigurator comprising a plurality of 
PEs and configured to reconfigure data paths of the plurality 
of PEs based on the code corresponding to each unit. 

In still another general aspect, there is provided a code 
decompression method of a coarse-grained reconfigurable 
processor, comprising: specifying a code corresponding to 
each of a plurality of units among a plurality of codes stored 
in a body of reconfiguration information based on a compres 
sion mode indicator and a compressed code for each of the 
plurality of units within a header of the reconfiguration infor 
mation stored in a configuration memory of the coarse 
grained reconfigurable processor; and reconfiguring data 
paths of a plurality of PEs based on the code corresponding to 
each unit. 

Other features and aspects will be apparent from the fol 
lowing detailed description, the drawings, and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a block diagram illustrating an example of a 
structure of a coarse-grained reconfigurable processor and 
FIG. 1B is a diagram illustrating an example of components 
included in a processing element. 

FIG. 2A is a diagram illustrating an example of a format of 
compressed reconfiguration information stored in a configu 
ration memory of FIG. 1A. 

FIG. 2B is a diagram illustrating an example of a code 
offset determiner included in a decompressor FIG. 1A. 

FIG. 3 is a diagram illustrating an example of a format of 
kernel-specific compressed reconfiguration information. 

FIG. 4 is a block diagram illustrating an example of a 
structure of a kernel dictionary. 

FIG. 5 is a block diagram illustrating an example of a 
structure of a global dictionary. 

FIG. 6 is a block diagram illustrating an example of a 
structure of a unit dictionary. 

FIG. 7 is a flowchart illustrating an example of a code 
decompression method of the coarse-grained reconfigurable 
processor. 

Throughout the drawings and the detailed description, 
unless otherwise described, the same drawing reference 
numerals will be understood to refer to the same elements, 
features, and structures. The relative size and depiction of 
these elements may be exaggerated for clarity, illustration, 
and convenience. 

DETAILED DESCRIPTION 

The following description is provided to assist the reader in 
gaining a comprehensive understanding of the methods, 
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apparatuses, and/or systems described herein. Accordingly, 
various changes, modifications, and equivalents of the meth 
ods, apparatuses, and/or systems described herein will be 
Suggested to those of ordinary skill in the art. Also, descrip 
tions of well-known functions and constructions may be 
omitted for increased clarity and conciseness. 

Hereinafter, specific examples for practicing the present 
invention will be described in detail with reference to the 
accompanying drawings. 
A coarse-grained reconfigurable processor processes a 

function kernel at a high speed. The kernel refers to a set of 
codes for performing a specific function by processing a large 
amount of data through a plurality of functions, and is gen 
erally represented through a loop function in a programming 
language. 
One configuration memory may have a plurality of kernels. 

A large amount of data may be processed by iterative execu 
tion of each kernel. 
On the other hand, the configuration memory has a code for 

controlling an FU, a local register (LR), and a multiplexer 
(MUX) within the coarse-grained reconfigurable processor. 
Large-scale functions may be simultaneously performed 
when a plurality of FUs, a plurality of LRs, and a plurality of 
MUXs are used. However, in this case, a size of the configu 
ration memory should be increased because a size of a code 
for controlling the FUs, the LRs, and the MUXs is also 
increased. 

FIG. 1A is a block diagram illustrating an example of a 
structure of a coarse-grained reconfigurable processor and 
FIG. 1B is a diagram illustrating an example of components 
included in a processing element. 
As illustrated in FIG. 1A, the coarse-grained reconfig 

urable processor 10 includes a configuration memory 100, a 
decompressor 110, and a reconfigurator 120. Also, the recon 
figurator 120 includes a plurality of processing elements 130. 
The configuration memory 100 stores reconfiguration 

information (coarse-grained reconfigurable architecture 
codes) generated by a compiler (not illustrated) outside the 
coarse-grained reconfigurable processor 10. The reconfigu 
ration information is information for reconfiguring data paths 

Compression 
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4 
135 of a plurality of PEs 130 included in the reconfigurator 
120. At this time, the reconfiguration information generated 
by the compiler is based on the following scheme. 
The decompressor 110 decompresses the compressed 

reconfiguration information stored in the configuration 
memory 100, and transfers the decompressed reconfiguration 
information to the reconfigurator 120. 
On the other hand, in order to decompress the compressed 

reconfiguration information, the decompressor 110 may 
include at least one of a kernel dictionary storage (not illus 
trated) configured to store a kernel dictionary, a unit dictio 
nary storage (not illustrated) configured to store a unit dictio 
nary, and a global dictionary storage (not illustrated) 
configured to store a global dictionary. 

Hereinafter, the kernel dictionary, the unit dictionary, and 
the global dictionary will be described in detail. 
The reconfigurator 120 includes a plurality of PEs 130, and 

reconfigures data paths of the PEs 130 based on the recon 
figuration information decompressed by the decompressor 
110. 

At this time, each PE130 may include an FU140, a register 
file (RF) 150, and a MUX 160. The FU 140, the RF 150, and 
the MUX 160 are targets in which a code is executed, and are 
collectively referred to as “units.” That is, the “unit is a 
concept including all of the FU140, the RF 150, and the MUX 
160. 

FIG. 2A is a diagram illustrating an example of a format of 
compressed reconfiguration information stored in a configu 
ration memory of FIG. 1. 
As illustrated in FIG. 2A, the compressed reconfiguration 

information 20 includes a header 200 and a body 210. 
At this time, the header 200 includes a compression mode 

indicator 202 and a compressed code for each and every unit 
included in a reconfigurator 120. In addition, the body 210 
includes an uncompressed code corresponding to the com 
pressed code. 

Table 1 shows an example of a 4-bit compression mode 
indicator and contents of a compressed code. 

TABLE 1. 

Compression Contents of 
mode Supported Bit width of 
indicator compression compressed Contents of 
symbol mode code compressed code 

NOE No encoding O Uncompresse 
NOP NOP encoding 1 O Uncompresse 

NOP 
NSK No encoding 2 00 Uncompresse 

O1 NOP 
O Keep 

Same 
NGK NOP encoding 2 00 Uncompresse 

O1 NOP 
O Global dictionary 

Kernel dictionary 
NG2 NOP, same, 2 00 Uncompresse 

keep encoding O1 NOP 
O Global dictionary 0 

Global dictionary 1 
NL2 NOP, L-Dic2 2 00 Uncompresse 

encoding O1 NOP 
O Kernel Dictionary 0 

Kernel Dictionary 1 
NGL NOP, G-Dic, 2 00 Uncompresse 

L-Dic O1 NOP 
encoding O Kernel dictionary 

Global dictionary 
NGU NOP, G-Dic, 2 00 Uncompresse 
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TABLE 1-continued 

Compression Contents of 
Compression mode Supported Bit width of 

mode indicator compression compressed Contents of 
indicator symbol mode code compressed code 

U-Dic O1 NOP 
encoding 10 Global dictionary 

11 Unit dictionary 
1OOO NG4SK NOP, G-Dic4, 3 000 Uncompressed 

Same, OO1 NOP 
keep encoding 010 Global dictionary 0 

011 Global dictionary 1 
100 Global dictionary 2 
101 Global dictionary 3 
110 Same 
111 Keep 

1111 NG2U2SK NOP, G-Dic2, 3 000 Uncompressed 
U-Dic2, same, OO1 NOP 
keep 010 Global dictionary 0 

011 Global dictionary 1 
100 Unit dictionary 0 
101 Unit dictionary 1 
110 Same 
111 Keep 

As shown in Table 1, the compression mode indicator 
represents contents of a function used in a compression 
scheme. 

For example, NOE denotes no encoding. That is, this 
means that the code is uncompressed. In this case, because a 
separate compressed code is unnecessary, a code is com 
pressed in a bit width of 0. 

In addition, NOP denotes no-operation encoding. In this 
case, a code is compressed in one bit. Two codes such as 
“uncompressed and “NOP encoding may be included. If 
there is a kernel mostly occupied by an NOP function, the 
code may be compressed as a 1-bit compressed code, so that 
it is possible to significantly reduce a header overhead. 
When a bit width of the compressed code is increased, the 

number of uncompressed codes included in the body is 
decreased. 
On the other hand, the decompressor 110 of FIG. 1A may 

further include a code offset determiner 21 that causes a code 
to correspond to each unit. 

FIG. 2B is a diagram illustrating an example of the code 
offset determiner included in the is decompressor of FIG. 1A. 
As illustrated in FIG. 2B, the code offset determiner 21 

includes an OR logic for each unit, and specifies a code stored 
in the body corresponding to each unit after counting the 
number of Zeros included in the compressed code. 

For example, if one bit of “O'” is included in the compressed 
code when the compression mode indicator of a unit #0 is 
“0001 a (uncompressed) code corresponding to a com 
pressed code of the unit #0 means an “uncompressed func 
tion. 
As described above, the number of “Zeros' is calculated by 

performing an OR operation on bits of each compressed code 
within the header, so that it is possible to determine which 
code within the body corresponds to a unit related to the 
compressed code. 
A format in which reconfiguration information com 

pressed as described above is divided into the header 200 and 
the body 210 has several advantages. 
A compressed code has a fixed length. Accordingly, 

because there is no dependency between units, it is possible to 
simultaneously read compressed codes for all units in parallel 
and decompress codes for a plurality of units in parallel. 
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On the other hand, because the number of uncompressed 
codes stored in the body 210 is determined according to 
information of the header 200, a length of the body 210 has a 
variable length. 

(1) a scheme of compressing reconfiguration information 
using a kernel dictionary according to each kernel, (2) a 
scheme of compressing reconfiguration information using a 
global dictionary, and/or (3) a scheme of dividing units into a 
plurality of unit groups and using a kernel dictionary and/or a 
global dictionary for new reconfiguration information con 
figured for each unit group are proposed as follows. 
When reconfiguration information of the coarse-grained 

reconfigurable processor is compressed/decompressed, the 
above-described schemes may be used independently or in 
combination. 

1. Kernel-Specific Compressed Reconfiguration Informa 
tion 

In the compiler, the reconfiguration information (coarse 
grained reconfigurable architecture codes) may be com 
pressed in units of kernels. 
When the compression is performed in units of kernels, 

there is an advantage in that the effect of compression is 
further improved as compared with an existing reconfigura 
tion information compression scheme, and random access 
may be performed in a kernel boundary. This is because a 
basic unit of a control flow can be designated as a kernel. 

FIG. 3 is a diagram illustrating an example of a format of 
kernel-specific compressed reconfiguration information. 

In the example of FIG. 3, three kernels included in the 
reconfiguration information are assumed to be a kernel #0, a 
kernel #1, and a kernel #2. 
As illustrated in FIG. 3, reconfiguration information on 

kernels includes headers 311, 312, and 313 and bodies 321, 
322, and 323. 

In addition, the headers 311, 312, and 313 include com 
pression mode indicators 3111, 3112, and 3113 representing 
compression modes and compressed codes for all individual 
units included in the reconfigurator 120. 

In addition, the bodies 321, 322, and 323 include kernel 
dictionaries 3211,3221, and 3231 and uncompressed codes. 

Because different kernels generally have different code 
sequence characteristics, it is possible to improve a compres 
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sion rate when a kernel dictionary including a kernel-specific 
high-frequency code is provided. The number of codes and 
contents of the codes included in the kernel dictionary may be 
differently specified according to each kernel. All codes 
included in the kernel dictionary are uncompressed codes. 

In addition, uncompressed codes within the body not 
included in the kernel dictionary may also be differently 
specified according to each kernel. 
On the other hand, in order to support kernel-specific 

decompression, the decompressor further includes a kernel 
dictionary storage configured to store a kernel-specific kernel 
dictionary. 

FIG. 4 is a block diagram illustrating an example of a 
structure of a kernel dictionary. 
As illustrated in FIG. 4, the kernel dictionary 40 stores one 

or more most frequent codes. In the example of FIG. 4, (K+1) 
codes from a code #0 to a code #K are stored in the kernel 
dictionary 40. Because there is a kernel dictionary for every 
CGRA kernel, a plurality of units may share and use the 
kernel dictionary in a process of executing one kernel. 
Accordingly, because a plurality of read ports may be neces 
sary, it is effective to implement the kernel dictionary in a 
register. 

In addition, because there is a kernel dictionary for every 
kernel, the kernel dictionary related to the next kernel should 
be updated before the next kernel is performed when a current 
kernel ends. The compiler creates contents of the kernel dic 
tionary to be updated, and a Subject to perform the update may 
be the decompressor. According to an embodiment, an exter 
nal processor may update the kernel processor. When the 
subject to perform the update is the is decompressor, the 
kernel dictionary 40 of FIG. 4 corresponds to the kernel 
dictionaries 3211,3221, and 3231 of FIG. 3. 

2. Reconfiguration Information Compressed Using Global 
Dictionary 

Technology using a unit-specific dictionary in the related 
art is known. In addition, reconfiguration information using 
the global dictionary is proposed. 

The global dictionary stores codes commonly frequently 
used for all units. When the global dictionary is used, redun 
dancy occurring among a plurality of unit dictionaries can be 
reduced. 

FIG. 5 is a block diagram illustrating an example of a 
structure of the global dictionary. In the example of FIG. 5, 
(L+1) codes from a code #0 to a code #L are stored in the 
global dictionary 50. 

Contents of the global dictionary 50 may be referred to by 
a plurality of units, and access to a plurality of entries is 
possible. Accordingly, the global dictionary 50 may be imple 
mented to be implemented in a register. 
On the other hand, FIG. 6 is a block diagram illustrating an 

example of a structure of a unit dictionary. 
Because the unit dictionary 60 is used according to each 

unit, only one read port need be present. Accordingly, the unit 
dictionary may be implemented in the register. On the other 
hand, when a size of the dictionary is increased, the dictionary 
may be implemented in a memory. 

3. Scheme of Dividing Codes into Plurality of Code 
Groups and Configuring New Reconfiguration Information 
for Every Code Group 

Codes used in one unit may be classified as a given group 
according to a role thereof. For example, an FU-related code 
may be classified by an operation code (opcode) and a plu 
rality of operands (that is, MUX selection). In addition, an 
RF-related code may be classified by an index of an RF and an 
operand. 
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8 
Codes having similar characteristics may form a new 

group. For example, it is possible to configure one code by 
combining a first operand of FUO, a first operand of FU 1, a 
first operand of FU 2, and a first operand of FU3. 

It is possible to consider a scheme of generating a code 
group according to common characteristics of codes and per 
forming compression and decompression in units of code 
groups as described above. 

Advantageously, codes within a group exhibit similar char 
acteristics in terms of a compression rate and the like because 
the codes having the similar characteristics belong to the 
same group. When a “compression mode” as will be 
described later is used, higher compression efficiency may be 
obtained by applying different “compression modes' to dif 
ferent code groups. 

FIG. 7 is a flowchart illustrating an example of a code 
decompression method of the coarse-grained reconfigurable 
processor. 

First, the decompressor reads a compression mode indica 
tor and a compressed code for each unit within a header of 
reconfiguration information stored in the configuration 
memory of the coarse-grained reconfigurable processor 
(S100). 

Next, the code decompressor of the coarse-grained recon 
figurable processor specifies a code corresponding to a unit 
among a plurality of codes stored in a body of reconfiguration 
information based on the compression mode indicator and the 
compressed code for each unit (S.110). 
At this time, the correspondence relation table as shown in 

the above Table 1 may be utilized. 
When a code corresponding to each unit is specified, data 

paths for a plurality of PEs within the reconfigurator are 
reconfigured based on specified codes (S120). 
On the other hand, when the compression mode indicator 

indicates the use of a kernel dictionary in the code specifying 
operation S110, at least one (uncompressed) code within the 
kernel dictionary may correspond to at least some units 
among a plurality of units. 

In addition, when the compression mode indicator indi 
cates the use of a global dictionary in the code specifying 
operation S110, at least one (uncompressed) code within the 
global dictionary may correspond to at least some units 
among a plurality of units. 

Further, when the compression mode indicator indicates 
the use of a unit dictionary in the code specifying operation 
S110, at least one (uncompressed) code within the unit dic 
tionary may correspond to at least some units among a plu 
rality of units. 
The present invention can be implemented as computer 

readable codes in a computer readable record medium. The 
computer readable record medium includes all types of 
record media in which computer readable data is stored. 
Examples of the computer readable record medium include a 
ROM, a RAM, a CD-ROM, a magnetic tape, a floppy disk, 
and an optical data storage. Further, the record medium may 
be implemented in the form of a carrier wave such as Internet 
transmission. In addition, the computer readable record 
medium may be distributed to computer systems over a net 
work, in which computer readable codes may be stored and 
executed in a distributed manner. 
A number of examples have been described above. Never 

theless, it will be understood that various modifications may 
be made. For example, suitable results may be achieved if the 
described techniques are performed in a different order and/or 
if components in a described is system, architecture, device, 
or circuit are combined in a different manner and/or replaced 
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or Supplemented by other components or their equivalents. 
Accordingly, other implementations are within the scope of 
the following claims. 
What is claimed is: 
1. A coarse-grained reconfigurable processor comprising: 
a configuration memory configured to store reconfigura 

tion information comprising a header including a com 
pression mode indicator and a compressed code for each 
of a plurality of units corresponding to a functional unit, 
a register file, and a multiplexer that are included in each 
of a plurality of processing elements (PEs), and a body 
storing uncompressed codes; 

a decompressor configured to identify an uncompressed 
code in the body of the reconfiguration information cor 
responding to each of the plurality of units based on the 
compression mode indicator and the compressed code 
within the header of the reconfiguration information; 
and 

a reconfigurator comprising the plurality of PEs and con 
figured to reconfigure data paths of the plurality of PEs 
based on the uncompressed code corresponding to each 
unit, 

wherein the compression mode indicator represents con 
tents of a function used in a compression scheme, and 

wherein the decompressor comprises a code offset deter 
miner configured to determine a number of Zeros com 
prised in the compressed code for each unit to determine 
which of the uncompressed code stored in the body 
corresponds to each respective unit based on the deter 
mined number of Zeros. 

2. The coarse-grained reconfigurable processor of claim 1, 
wherein the reconfiguration information further comprises: 

a kernel dictionary comprising at least one code used in a 
kernel for each of a plurality of kernels of the reconfigu 
ration information in the body, where each kernel com 
prises a set of codes for performing a specific function. 

3. The coarse-grained reconfigurable processor of claim 2, 
wherein the decompressor comprises: 

a kernel dictionary storage configured to store the kernel 
dictionary. 

4. The coarse-grained reconfigurable processor of claim3, 
wherein the decompressor further comprises: 

a global dictionary storage configured to store a global 
dictionary comprising at least one code used commonly 
among the plurality of units. 

5. The coarse-grained reconfigurable processor of claim 4. 
wherein the global dictionary is provided from outside the 
coarse-grained reconfigurable processor to the coarse 
grained reconfigurable processor. 

6. The coarse-grained reconfigurable processor of claim 1, 
wherein the decompressor comprises: 

a global dictionary storage configured to store a global 
dictionary comprising at least one code used commonly 
among the plurality of units. 

7. A coarse-grained reconfigurable processor comprising: 
for each of two or more code groups comprising a plurality 

of codes included in reconfiguration information, 
a configuration memory configured to store reconfigura 

tion information comprising a header including com 
pression mode information of the code group and com 
pressed code information for each of the plurality of 
codes within the code group and a body storing uncom 
pressed codes; 

a decompressor configured to identify uncompressed 
codes corresponding to each code group based on the 
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10 
compression mode information and the compressed 
code information for each of the two or more code 
groups; and 

a reconfigurator comprising a plurality of processing ele 
ments (PEs) and configured to reconfigure data paths of 
the plurality of PEs based on the uncompressed code 
corresponding to each code group, 

wherein each code group correspond to one of a functional 
unit, a register file, and a multiplexer of a processing 
element, 

wherein the compression mode information represents 
contents of a function used in a compression scheme, 
and 

wherein the decompressor comprises a code offset deter 
miner configured to determine a number of Zeros com 
prised in the compressed code information for each code 
group to determine which of the uncompressed code 
stored in the body corresponds to each respective code 
group based on the determined number of Zeros. 

8. A code decompression method of a coarse-grained 
reconfigurable processor, the method comprising: 

storing reconfiguration information comprising a header 
including a compression mode indicator and a com 
pressed code for each of a plurality of units correspond 
ing to a functional unit, a register file, and a multiplexer 
that are included in each of a plurality of processing 
elements (PEs) of the coarse-grained reconfigurable 
processor, and a body storing uncompressed codes; 

identifying an uncompressed code in the body of the recon 
figuration information corresponding to the plurality of 
units based on the compression mode indicator and the 
compressed code for each of the plurality of units within 
the header of the reconfiguration information stored in a 
configuration memory of the coarse-grained reconfig 
urable processor, and 

reconfiguring data paths of the plurality of PEs based on the 
uncompressed code corresponding to each unit, 

wherein the compression mode indicator represents con 
tents of a function used in a compression scheme, and 

wherein the identifying comprises: 
determining a number of Zeros included in the com 

pressed code for each unit; and 
determining which of the uncompressed code stored in 

the body corresponds to each respective unit based on 
the determined number of Zeros. 

9. The code decompression method of claim 8, wherein the 
identifying comprises: 

in response to the compression mode indicator indicating a 
use of a kernel dictionary, identifying uncompressed 
codes corresponding to at least one unit among the plu 
rality of units from at least one code within the kernel 
dictionary. 

10. The code decompression method of claim 9, wherein 
the identifying further comprises: 

in response to the compression mode indicator indicating a 
use of a global dictionary, identifying uncompressed 
codes corresponding to at least one unit among the plu 
rality of units from at least one code within the global 
dictionary. 


